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1
Introduction

0ms handover interruption is an important requirement from IMT-2020. However, due to the limited time budge to finish EN-DC before December 2017, any mobility enhancement to achieve the 0ms interruption was de-prioritised before Dec. 2017.

At RAN#78, RAN2 is tasked to investigate how the IMT-2020 requirement on 0ms handover interruption requirement can be addressed for LTE and NR within the Rel-15 time frame [1]. In this contribution, we discuss to achieve the 0ms handover interruption with DC based handover.
2
Discussion

2.1 Justifications 

According to the guideline from RAN#78, RAN2 should first study if the IMT-2020 requirement can be achieved with existing LTE specs, and with developing NR specs. If the conclusion of the first step is ‘no’, then to consider what to do in Rel-15 to meet it. Per the analysis in our companion contributions [2]

 REF _Ref503378281 \n \h  \* MERGEFORMAT [3], with the combination application of MBB and RACH-less HO, the 0ms handover interruption from IMT-2020 can be achieved with existing LTE specs and some developing of the NR specs both for LTE and NR within R15 time frame, if the UE processing time can be reduced to 0ms. However, it should be noted that the MBB and RACH-less HO can only applies to scenarios where the target has the same TA as the source or the TA of the target is zero, for example, restricted to small cell/intra-site scenarios. In other words, solutions should be identified to achieve the 0ms handover interruption for the other scenarios.

Observation 1: MBB and RACH-less HO can only apply to scenarios where the target has the same TA as the source or the TA of the target is zero. So, solutions should be identified to achieve the 0ms handover interruption for the other scenarios.

Mobility performance is one of the most important aspects for wireless communications. We keep working on mobility improvement in 3GPP all the time. Traditionally, before adopting any optimization or enhancement, the ‘Handover failure rate’ and ‘Ping-Pang rate’ will be evaluated carefully to ensure the mobility reliability. For example, ‘Handover failure rate’ and ‘Ping-Pang rate’ are extensively evaluated during the study of HetNet mobility enhancement [4]. So when addressing the 0ms handover interruption, the mobility performance should be ensured as well, i.e. the Handover failure rate and Ping-Pang rate should be kept as low as possible.
However, for the state of art handover procedure, including both the basic handover and the enhanced handover with the combination of MBB and RACH-less, the HO command is issued to the UE before the connection with target cell is ready for data transmission. Frequencies up to 52.6 GHz will be used in NR. When operating on the high frequencies (e.g. above 6GHz), path-loss will be larger and radio propagation will be more sensitive to the environment. For example blockages may occur from time to time. So, companies believe that the HO command issued from the serving cell is more likely to lose and thus results in a higher handover failure rate [5]

 REF _Ref477936632 \n \h [6]. In other words, the mobility performance would be a challenge with the state of art handover for the high frequencies.
Observation 2: The mobility performance, e.g. handover failure rate would be a challenge with the state of art handover if operating on high frequencies.

DC-based solution was once widely discussed in Rel-14 and companies approved that with the adoption of DC-based handover, the handover interruption can be reduced to 0ms [7]. It should be noted that unlike the combination of MBB and RACH-less HO, the DC-based solution can be applied to both small cell and macro cell scenarios. 

Observation 3: DC-based solution which can be applied to both small cell and macro cell scenarios was proved to be able to achieve the 0ms handover interruption.

In EN-DC, split SRB is introduced in addition to split DRB. Although not discussed yet, it’s straightforward that the split SRB will be supported in intra-NR DC too. With the split SRB, the HO command can be duplicated in the source and target. So in this way, with the adoption of split SRB and the support of duplication discarding, reordering and in-order delivery in NR PDCP, the mobility performance can be ensured in intra-NR DC based handover, i.e. the handover interruption rate can be kept as low as possible even when operating on high frequencies. 

Observation 4: With the adoption of split SRB and the support of duplication discarding, reordering and in-order delivery in NR PDCP, the mobility performance can be ensured in DC based handover.
Given the above, it can be seen that DC based handover is a promising way to achieve the 0ms handover interruption.
Proposal 1: DC based handover is a promising way to achieve the 0ms handover interruption.
2.3 Solutions
Bearer type harmonization is introduced in EN-DC. And for the purpose of bearer type harmonization, the configuration of Radio Bearers (DRBs, SRBs) including SDAP, PDCP and security key (i.e. the radioBearerConfig) are clearly separated from the cell group configuration in the RRC signalling. Although the intra-NR DC is not discussed yet, it’s obvious and reasonable that the bearer type harmonization framework will also be adopted in intra-NR DC and besides, the security keys will be generated per radioBearerConfig as in EN-DC.

Meanwhile, RAN2 agreed that L3 mobility, i.e. handover triggered by RRC can be performed with or without PDCP entity re-establishment. In other words, security key refresh is not performed at every mobility procedure, at least for the case of mobility where the PDCP anchor is not changed. So in the following, we discuss the DC-based handover for two separate scenarios, one is for intra-gNB handover, i.e. scenario without PDCP anchor change and the other is for inter-gNB handover, i.e. scenario with PDCP anchor change.

2.3.1 DC based solution for intra-gNB handover 
CU-DU split is an important deployment scenario in NR and the high layer split solution has been finished in RAN3. With the high layer split, PDCP is anchored on the CU and layers below PDCP, i.e. RLC and MAC are located in DUs. So when UE moves from one cell (e.g. Cell A of DU1 in Figure 1) to another cell (e.g. Cell B of DU2 in Figure 1), the PDCP anchor is not changed. In other words, the intra-gNB (e.g. intra-CU inter-DU) handover can be performed without key refresh.
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Figure 1. Intra-CU inter-DU handover scenario

Figure 2 illustrates the status transition of the protocol architecture for DC-based intra-CU inter-DU handover. With the adoption of bear type harmonization, in status (2), the cell group of the target DU (e.g. DU2 in Figure 1) can be added and all the established RBs (including SRB and DRB) are changed to split RBs. Then at status (3), with the signal deterioration, the cell group of the source DU (e.g. DU1 in Figure 1) is released and the DC-based handover completes.
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Figure 2. Status transition of the protocol architecture for Intra-CU inter-DU handover 

It should be noted that in the current NR RRC (the RRC for ASN.1 review) [8], the master cell group is maintained by a separate IE masterCellGroupConfig from the second cell groups which are maintained by secondaryCellGroupToAddModList and secondaryCellGroupToReleaseList. Based on this signalling structure, a secondary cell group cannot be reconfigured to a master cell group directly. Instead, in case a secondary cell group need to be changed to master cell group, the secondary cell group need to be released with IE secondaryCellGroupToReleaseList and the NW need to reconfigure the masterCellGroupConfig with the parameters of the released secondary cell group, which will definitely cause interruption and can’t achieve the 0ms handover interruption. The issue is discussed and resolved in our companion contribution [9]. Given that, it can be seen that the DC based handover can already be well supported with some minor signalling structure update of the existing NR specs.

Observation 5: DC based handover can already be well supported with some minor signalling structure update of the existing NR specs.
2.3.2 DC based solution for inter-gNB handover 

For mobility takes place between different gNBs, the PDCP anchor changes thus the security key should be updated. Four possible DC based solutions for inter-gNB handover are analyzed in the following:

Alt.1
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Figure 3 Status transition of the protocol architecture for Alt. 1

Alt.2
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Figure 4 Status transition of the protocol architecture for Alt. 2

Alt.3
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Figure 5 Status transition of the protocol architecture for Alt. 3

Alt.4
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Figure 6 Status transition of the protocol architecture for Alt. 4

Table 1 below give the overview and required standardization efforts of the four individual alternatives above.

Table 1 Overview and the required standardization efforts of the four solutions

	Alternatives
	Solution overview
	Standardization efforts

	Alt.1
	In status (2): 

· Establish full UP protocol stacks (for SRB, DRB) for the target connection including:

· Full PDCP entity on the target gNB; 

· Separate sub-PDCP entity for (de)ciphering (PDCP-S) while common sub-PDCP entity for reordering (PDCP-R) in UE;

· For DL: Forward PDCP SDU and SN+HFN (or COUNT)  assigned by the source PDCP entity  to the target PDCP entity; The target PDCP entity performs ciphering accordingly;

· For UL: Forward deciphered PDCP SDU and SN from the target PDCP entity to the source PDCP entity for reordering and in sequence delivery;

 In status (3) : 

· Switch the NG-U path from the source PDCP entity to the target PDCP entity;

· The source connection may or may not remain available for data transmission;

· For DL: Keep forwarding the residual PDCP SDU and SN+HFN (or COUNT)  assigned by the source PDCP entity  to the target PDCP entity;

· For UL: Forward the deciphered PDCP SDU and SN from the source PDCP entity to the target PDCP entity for reordering and in sequence delivery;
	1. The protocol architecture in status (2) and (3) is neither DC architecture 1A nor DC architecture 3C. May need to specify the new architecture.

2. Impact on the data forwarding on Xn interface.

	Alt.2
	In status (2): 

· Establish full UP protocol stacks (for SRB, DRB) for the target connection including:

· Full PDCP entity on the target gNB; 

· One common PDCP entity for both the source and target connection in UE. Maintain two keys in the common PDCP;

· For DL: Forward PDCP SDU and SN+HFN (or COUNT)  assigned by the source PDCP entity  to the target PDCP entity; The target PDCP entity perform ciphering accordingly;

· For UL: Forward deciphered PDCP SDU and SN from the target PDCP entity to the source PDCP entity for reordering and in sequence delivery;

 In status (3) : 

· Switch the NG-U path from the source PDCP entity to the target PDCP entity;

· The source connection may or may not remain available for data transmission;

· For DL: Keep forwarding the residual PDCP SDU and SN+HFN (or COUNT)  assigned by the source PDCP entity  to the target PDCP entity;

· For UL: Forward the deciphered PDCP SDU and SN from the source PDCP entity to the target PDCP entity for reordering and in sequence delivery;
	1. The protocol architecture in status (2) and (3) is neither DC architecture 1A nor DC architecture 3C. May need to specify the new architecture.

2. Impact on the data forwarding on Xn interface.

3. The impact of maintaining two keys in one single PDCP entity.

	Alt.3
	In status (2) : 

· Change the bearer (SRB, DRB) on the source cell to split bearer, i.e. MCG bearer to MCG split bearer;

In status (3):

· Establish new bearer for the corresponding split bearer on the target connection (keeping the split bearer meanwhile) including:

· Establish full PDCP entity on the target gNB; 

· One common PDCP entity for both the source and target connection in UE. Maintain two keys in the common PDCP;

· Switch the NG-U path from the source PDCP entity to the target PDCP entity;

· The source connection may or may not remain available for data transmission;

· For DL: Keep forwarding the residual PDCP PDU  in the source PDCP entity  to the split RLC entity;

· For UL: Forward the PDCP PDU received from the split RLC entity to the source PDCP entity; Then forward the deciphered PDCP SDU from the source PDCP entity to the target PDCP entity for reordering and in sequence delivery;
	1. Impact on the data forwarding on Xn interface.

2. The impact of maintaining two keys in one single PDCP entity.



	Alt.4
	In status (2) : 

· Change the bearer (SRB, DRB) on the source cell to split bearer, i.e. MCG bearer to MCG split bearer;

In status (3):

· Establish new PDCP entity for the corresponding split bearer on the target connection (keeping the split bearer meanwhile) including:

· Establish full PDCP entity on the target gNB; 

· One common PDCP entity for both the source and target connection in UE. Maintain two keys in the common PDCP;

· Switch the NG-U path from the source PDCP entity to the target PDCP entity;

· The source connection may or may not remain available for data transmission;

· For DL: Keep forwarding the residual PDCP PDU  in the source PDCP entity  to the split RLC entity;

· For UL: Forward the PDCP PDU received from the split RLC entity to the source PDCP entity; Then forward the deciphered PDCP SDU from the source PDCP entity to the target PDCP entity for reordering and in sequence delivery;
	1. The protocol architecture in status (3) is neither DC architecture 1A nor DC architecture 3C. May need to specify the new architecture.

2. Impact on the data forwarding on Xn interface.

3. The impact of maintaining two keys in one single PDCP entity.




Proposal 2: Discuss the four listed possible DC-based solutions for inter-gNB handover in Table 1.
3
Conclusion

DC based handover to achieve the 0ms handover interruption is discussed in this contribution with the following observations and proposals:

Observations:

Observation 1: MBB and RACH-less HO can only apply to scenarios where the target has the same TA as the source or the TA of the target is zero. So, solutions should be identified to achieve the 0ms handover interruption for the other scenarios.

Observation 2: The mobility performance, e.g. handover failure rate would be a challenge with the state of art handover if operating on high frequencies.

Observation 3: DC-based solution which can be applied to both small cell and macro cell scenarios was proved to be able to achieve the 0ms handover interruption.

Observation 4: With the adoption of split SRB and the support of duplication discarding, reordering and in-order delivery in NR PDCP, the mobility performance can be ensure in DC based handover.
Observation 5: DC based handover can already be well supported with some minor signalling structure update of the existing NR specs.
Proposals:

Proposal 1: DC based handover is a promising way to achieve the 0ms handover interruption.
Proposal 2: Discuss the four listed possible DC-based solutions for inter-gNB handover in Table 1.
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